This article presents a study scenario composed of a fixed speed wind turbine and a DStatcom with battery storage, connected to the distribution grid as an isolated system. The aim of the study is to demonstrate by means of simulating results how the DStatcom with storage can be a solution for a larger and better integration of the intermittent energy produced by DG in the electrical grid.
Introduction
The electrical grid is one of the largest infrastructures that human has built. Up to few years ago, the power was produced in large generation centres and transported in high voltage (HV) to the consumption points, changing then to medium voltage (MV) for its distribution and to low voltage (LV) for its consumption. Due to environmental issues (climate changing, nuclear wastes…) and high price of fossil fuels renewable energy sources have become an alternative to reduce the consumption of traditional energy sources for electricity generation. The development of renewable energies in Spain has been mainly based on large wind farms connected to the HV transport grid and in a much lesser extent on small solar power plants.
For the following years is expected an important growth in renewable energy sources connected to the MV distribution grid. This increasing penetration of distributed generation (DG) devices is changing the topology of the electrical grid [1] . Even though the impact of these DG generators on the power quality is negligible nowadays, it will become very important in few years.
In this context of large penetration of DG, is interesting to analyse how a DStatcom (Distribution Static Compensator) with storage can help for a larger integration of the power produced by DG [2] . Shaving the peaks of DG power generation, storing this surplus power in a battery, and returning this energy during the production valleys the power connected to the grid is less variable. In this way is possible to reduce the impact on the voltage levels of the grid and the perturbations on the grid protection devices.
In this context the aims of this paper are to present a simulation scenario and develop the control strategies for the DStatcom with storage.
Next sections will describe the scenario proposed for the study, models of the devices and the control strategies proposed.
Scenario for the study
One of the most promising technologies for improving the integration of DG in the electrical grid is the Statcom with energy storage (STATCOM-ES) applied to fixed speed wind farms [2] . With this application is possible to control the active and reactive power generation for a fixed speed wind turbine. The proposed scenario is a low scale platform developed in the Syslab, this is a test facility at Risø National Laboratory very suitable to compare experimental and simulation results, and implement the control strategies developed in this paper [3, 4] .
This facility is the perfect environment to analyse control strategies for the integration of DG. The microgrid is composed of 60kVA diesel generator set, 11kW Gaia wind turbine, 55kW Bonus wind turbine, 75kW dump load, 45kVA back-to-back power converter, 10kW deferrable load and 15kW/120kWh Vanadium battery.
For the present study the scenario proposed is composed of a 55kW wind turbine connected to low voltage 400v three-phase grid, supported by a Redox battery of 120kWh [5] connected to the grid by means of a 15Kw inverter.
The topology of this system is presented in figure 1 . 
System modelling
In the present study electromagnetic transient simulation software will be used. MATLAB has been traditionally used for the simulation of control systems due to its facility of use and flexibility. In order to carry out power system analyses, it requires especial toolboxes (Power System Block-set) which are well adapted to the analysis of small power systems like the system of this study.
Next sections will describe the models of the different components of the system.
A. Distribution grid
The distribution network equivalent grid will be modelled in a first stage as an ideal voltage source with a short-circuit impedance with an adequate X/R ratio. In this case the short circuit impedance is defined around the 10% of the nominal power of the wind turbine. The X/R ratio is around 10.
B. Wind turbine
The fixed speed turbine model is composed of five cascaded elements [6, 7] :
• Wind, aerodynamic system and mechanical system.
• Asynchronous generator.
• Mechanically switched capacitor.
Mechanically switched capacitors (MSCs) represent in general a well-established solution to enhance the power factor correction for the wind turbine. In this case it will be controlled at grid control level.
The wind turbine analysed in this paper is a fixed speed 55kW asynchronous generator, which works in a range of wind between 4 and 26m/s and it supplies its nominal power for around 12.5m/s.
C. DStatcom
The DStatcom is composed of a three phases voltage source inverter connected to the grid by means of an inductive filter. In order to reduce the simulating time the modulator and the switches will be modelled as voltage controlled sources [7] .
D. Storage system
The storage system is composed by the battery and the DC/DC converter. The converter is modelled by its medium model and the battery by means of an electrical model taking into account the battery lifetime and the voltage-current characteristics [8] .
Control specifications
The main objective of the overall control system is to improve the interaction between the isolated grid (scenario) and the distribution grid. That means that it is necessary to deal with two types of situations: normal and fault operation described below. In this paper is analysed only the first case, the normal operation.
E. Normal operation
In this operation mode the exchange of active and reactive power in the point of common coupling (PCC) will be controlled. Several control functions are typically required for wind farms [9] , and can be considered the initial control specification for our system considering the scenery proposed as a renewable generation unit.
The active power control functions required by the system operators are as follows:
Balance control-whereby the PCC production can be adjusted downwards or upwards, in steps at constant levels.
Delta control-whereby the complete system is ordered to operate with a certain constant reserve capacity in relation to its momentary possible power production capacity.
Power gradient limiter-which sets how fast the complete system power production, can be adjusted upwards and downwards.
The reactive power control functions required by the system operators are:
Reactive power control-the complete system is required to produce or absorb a constant specific amount of reactive power.
Automatic voltage control-the voltage in the PCC is controlled. This implies that the complete system can be ordered to produce or absorb an amount of reactive power to the grid in order to compensate deviations on the grid voltage.
Control strategies
The control strategies are divided in two levels of control hierarchy:
A.
Converter control
The converter control is responsible for active and reactive power exchange by the grid inverter control and the current control of battery.
Among all the control strategies proposed for the voltage source inverter, for this study a vector control has been selected [7] . In this case, it will receive as references, the active and reactive power supplied by the DStatcom (Ps and Qs).
The bus voltage will be controlled by means of the control of the battery current, so a bus voltage regulator will provide a battery current reference.
The crowbar control will act as a security system.
B. Grid control
The grid control has two main objectives:
Adapt to our scenery and implement the grid functionalities described in the precedent section and manage the different operation modes.
Manage the energy stored in the batteries.
It will also provide the references for Ps and Qs.
The main purpose of this paper is the development of the above mentioned control strategies.
Notice that for example the voltage control in distribution grids cannot be done by means of the reactive power due to the poor X/R ratio and this presents an extra degree of difficulty [12] .
Simulations
In order to analyse the above defined control specifications the system modelled in MATLAB/SIMULINK has been simulated for two different cases:
A. Power control at the point of common coupling
The objective of the control was to supply constantly 25kW and 0kVAr to the point of common coupling (PCC). Since the STATCOM can supply 15kVA as much, to maintain the active power supplied to the PCC on 25kW, the power produced by the generator should be between 10kW and 40kW. For this case was chosen a wind profile of more or less 7.5m/s with a perturbation that increases the wind speed up to 9.5m/s for an instant. With this wind profile (shown in figure  3 ) it is possible to see clearly how the power control works.
For the control of the power supplied by the STATCOM there have been implemented two loops to control the power. In the primary loops are compared the active and reactive power measured in the PCC with the power references, the errors of these comparisons are applied to two PI controllers, these controllers set the current references for the control of the STATCOM. In the secondary loop the voltage of the inverter is controlled by means of a vector control.
For the vector control is used a PLL to measure the angle of the voltage at the STATCOM in this way is possible to obtain the d-q components of the current. These d-q components are compared with the references coming from the primary control, and then these errors excite the PI controllers. These controllers set the d-q components of the voltage defining the voltage that the inverter should supply.
In the following figures are shown the variations on the voltage module, on the active power and the reactive power, for different points of the micro grid: the wind turbine, the point of common coupling and the STATCOM.
As figure 3 shows the variation on the power produces a small variation in the power injected on the point of common coupling. During this perturbation the STATCOM absorbs the extra power that the wind turbine is producing, shaving the production peak of wind turbine. This simulation demonstrates how using a STACOM with energy storage is possible to control the power production of a renewable generation unit. In this way within the limits that renewable sources permit, it is possible to connect to the grid a stable power production. 
Voltage control at the point of common coupling
The objective of the control was to maintain the voltage on 400v at the point of common coupling. For this case was chosen a wind profile of more or less 7.5m/s in the beginning, changing then to 15m/s. With this wind profile (shown in figure 5 ) it is possible to check how the voltage control works for two different levels of power production. For this simulation the losses in the lines have been increased in order to obtain a larger voltage variation.
In figure 4 is shown how would change the voltage applying this wind profile to the wind turbine when there is not any supporting device.
For this simulation it has been used the same control as for the previous simulation. But in this case a reactive power voltage drop control supplies the reactive power reference for the point of common coupling. The active power reference is defined on zero, making the STATCOM work just as a voltage controller.
Depending on the difference between the voltage reference and the voltage measured on point of coupling it is set the reactive power reference, always within the limits of the STATCOM. As figure 4 shows in a scenario of a weak grid connection point the STATCOM can control voltage making it be within acceptable limits. 
Conclusions and further works
In conclusion a STATCOM with a storage system can help in the grid integration of renewable distributed generators, as it has been shown in this paper for the case of a 55kW fixed speed wind turbine. With the correct sizing and placement of the supporting devices is possible to make renewable power generators work as intelligent power generators within the limits of its renewable resource.
Next steps will be:
Develop a frequency control strategy.
Analyse the fault behaviour.
In a further work a real time implementation in the Syslab facility will be performed.
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